Monitoring of tuberculosis (TB) treatment outcome is essential to ensure an effective TB control program. In this nationwide retrospective cohort study from Denmark we present TB treatment outcome rates and risk factors associated with an unfavourable outcome. All patients notified with pulmonary TB from 2009 through 2014 were included. Logistic regression analyses were used to identify risk factors for unfavourable outcome. In total, 1681 pulmonary TB cases were included. TB treatment success rates increased during the study period. In 2014, the treatment success rate reached 85% for new culture positive cases whereas 7% cases interrupted treatment. The mortality decreased during the study period from 12.3% to 4.1%. Several risk factors associated with unfavourable outcome were identified in a multivariable model: male (OR: 2.56), Greenlandic origin (OR: 1.80), abuse of alcohol (OR: 2.90), history of mental disorder (OR: 2.46), and anaemia at time of treatment initiation (OR: 1.92). In a TB low incidence setting such as the Danish, it is important to maintain focus on preventing an unfavourable TB outcome. Patient management and treatment can be optimized by taking into consideration risk factors such as those identified in the present study.
. Thus, TB treatment outcome monitoring is essential when evaluating TB control strategies. Furthermore, treatment outcome monitoring allows comparison between European countries and geographic areas. Denmark has a low incidence of TB. In 2017, 275 TB cases were reported to the Danish national TB surveillance system resulting in an incidence of 4.8/100.000 population. The incidence trend has been decreasing since 2001 (9.6/100.000 population).
In Denmark, reporting of TB treatment outcome is voluntary. As a result, the outcome data are incomplete and often reported with delay. TB treatment outcome data from 2008 through 2010 was published in 2013 and revealed a success rate for new culture positive pulmonary TB (PTB) cases of 79% 4 . In the most recent Surveillance Report from the European Centre for Disease Prevention and Control (ECDC), Denmark reported a treatment success rate 37.5% in 2017, however 45.7% of the cases had not been evaluated 5 . This suggests the true treatment success rate was higher.
For countries within the European Union and European Economic Area, the World Health Organization (WHO) and ECDC recommend a treatment success rate of 85% at 12 months for all new culture positive PTB cases and a treatment success rate of 90% for all new smear positive PTB cases 6, 7 . This indicates that Denmark has not been able to meet WHO/ECDC targets for TB treatment success.
Identifying and targeting risk factors for an unfavourable outcome is potentially beneficial in order to improve treatment success rates. Ideally, the probability of an unfavourable outcome should be estimated from information available at the time of TB diagnosis and taken into account.
This study was conducted in order to provide updated and complete data on treatment outcome of PTB in Denmark. Furthermore, to explore predictors for an unfavourable treatment outcome in order to ensure better treatment success rates in the future.
Methods
We conducted a nationwide retrospective cohort study including all patients notified with PTB in 9 . Standardized voluntary reporting of TB treatment outcome was initiated in 2000 in Denmark. The DIDEP provided the following regarding all TB cases notified during the study period: identification codes (Civil Registration numbers -CRN), demographics, immigrant status and date of notification. Status as immigrant was defined as patients born abroad or those born in Denmark for whom one or both parents had been born abroad.
Microbiological data. In Denmark, all culture-based analyses are performed at the International Reference Laboratory of Mycobacteriology (IRLM) at SSI. Results of microscopy, Polymerase Chain Reaction (PCR), culture, and drug susceptibility test were obtained from IRLM.
Danish national patient registry. The Danish National Patient Registry (DNPR) contains data on all admissions to Danish public hospitals since 1977 and data on outpatient contacts since 1994 10 . Data was obtained on all patients, who were notified with TB in Denmark during the study period. Data from DNPR was used to determine history of previous illnesses, including previous mental disorder (ICD10: DF00-DF99). and to calculate Charlson Comorbidity Index (CCI) 11 . Data linkage. In order to cross-link the registers, we used the unique Danish CRN, which is assigned to all residents of Denmark at birth or after residing legally in Denmark for 3 months. Patients who do not meet the criteria for obtaining a CRN are assigned a temporary CRN at first point of contact with the healthcare system. To accommodate modification in temporary CRN, probabilistic linkage was done. All CRN obtained from the notification system were linked to the DNPR data and to the data from IRLM.
Hospital records. For all patients identified by the notification system, medical records were reviewed for socio-demographics, clinical characteristics, TB treatment, and treatment outcome (Tables 1-3) .
The study population is described in Fig. 1 . Patients were followed from time of first contact with the hospital due to TB until 1 year after TB treatment was completed.
Statistical analysis. All PTB cases were included in the data analysis describing patient characteristics.
Categorical data was described by total and percentages, the denominator for calculated percentages was the number of cases with known information. Data comparisons were made using the chi-square test or Fisher's exact test if 20% of expected cell values were ≤5. Continuous variables were described as medians and interquartile ranges and compared using the Wilcoxon rank sum test. A p-value of less than 0.05 (5%) was considered statistically significant.
Extensively drug-resistant (XDR), multidrug-resistant (MDR), isoniazid resistant PTB treated with second-line drugs, and patients who died or transferred out were excluded in the data analysis describing predictors for unfavourable TOs. Cases were excluded if the patient died or transferred from Denmark during the observation period to ensure that all patients in the study population had a chance to complete treatment successfully. Treatment outcome was categorized into two categories as summarized in the last two rows in Table 1 .
Treatment outcome Definition
Cured TB confirmed by culture at the beginning of treatment and culture negative in the last month of treatment and on at least one previous occasion. ethics. 
Results
population. During the study period, a total of 2,150 TB cases were notified of these 2,131 cases were available for treatment outcome analysis of which PTB accounted for 1681 (78.9%) cases (Fig. 1) .
Among the pulmonary cases; previously treated cases represented 16.4% (n = 265). A total of 892 (54.6%) cases were smear positive and 1,424 (89.1%) cases were culture positive. Drug susceptibility testing increased during the study period from 97.6% to 99.1%. Drug resistance was detected in 81 cases (6.0%), of which 1.2% (n = 1) and 9.9% (n = 8) were MDR and XDR TB cases, respectively. The remaining were mainly isoniazid monoresistant.
treatment. In total, 1,658 PTB cases started TB treatment, the remaining 23 patients (1.4%) died before treatment was initiated. The median treatment duration was 6 months (IQR: 5.7-6.5). Socio-demographic and clinical characteristics. The population was subdivided into 3 categories according to country of origin ( Table 2 ). The majority of immigrants originated from Asia (40.0%), with patients from Afghanistan, Pakistan and Philippines accounting for 38.1% cases. Patients from other European countries comprised 29.5%, whereas 28.9% were from Africa among whom the majority originated from Somalia (54.2% of the African cases).
Men accounted for 64.4% and the median age of the study population was 44 years (IQR: 31-54). Abuse of alcohol, tobacco, cannabis, illegal drugs, being homeless, and a history of incarceration was significantly more frequent among men. Individuals who abused alcohol more frequently had one or more of the following risk factors: use of cannabis or other illegal drugs, homelessness (75.6%). While individuals diagnosed with a mental health disorder more frequently had an abuse of illegal drugs or alcohol or were homeless (66.4% vs 49.8%, p < 0.01). A total of 779 (53.7%) had anaemia at time of diagnosis, which was significantly more frequent among women (57.6% vs 51.6%, p = 0.03). The highest proportion of anaemia was among individual from Greenland (64.0%), followed by individuals originating from Africa (59.0) while Danes (47.4%) had the lowest prevalence of anaemia. * A new episode/relapse was defined according to WHO/ECDC guidelines and cases were only included once during a 12 months period.
In cases with anemia there were a significantly greater proportion of smear positive (63.5% vs 45.5%, p < 0.01) and nucleic amplification acid positive (81.3% vs 72.0%, p. < 0.01) sputum samples. In addition, the proportion of sputum samples quantified as "3+ acid fast bacilli" were significantly greater among cases with anemia (42.3% vs 24.1%, p < 0.01).
A concomitant site of TB was significantly more frequent among immigrants (11.0%) with lymphatic TB (29.2%) being the most common site.
A total of 53 (4.6%) was co-infected with HIV with the highest number among immigrants (7.9%). During the study period, the number of cases tested for HIV increased significantly from 49.0% in 2009 to 79.3% in 2014. treatment outcome. Overall, the proportion classified as treatment success was 80.5% (n = 1353), this increased during the study period from 76.8% to 84.1% with the highest treatment success rate in 2014 (Fig. 2) .
The proportion of Greenlanders achieving treatment success was significantly lower (p-value < 0.01) but increased during the study period from 71.1% to 77.8%.
In further analyses the following cases are excluded: XDR-TB (n = 1), MDR-TB (n = 8) and isoniazid resistance cases treated with second-line drugs (n = 41).
Treatment outcome in new culture confirmed and new smear positive cases are presented in Fig. 2 . In the univariate analysis male gender, Greenlandic origin, abuse of alcohol, tobacco, cannabis, illegal drugs, homelessness, a history of imprisonment, anaemia, previous TB and mental disorder were associated with an unfavourable outcome ( Table 4) .
The three most frequent symptoms: cough, fever and weight loss were combined with a symptom duration of more than 3 weeks, however there was no association with outcome. 
Discussion
In this nationwide study, Denmark met the WHO/ECDC recommendations regarding treatment success rate of at least 85% for new culture confirmed PTB cases in 2013 and 2014. An unfavourable outcome was associated with male gender, Greenlandic origin, abuse of alcohol, history of mental disorder, and anaemia at time of diagnosis. The majority of unfavourable outcome was lost to follow up. www.nature.com/scientificreports www.nature.com/scientificreports/ The overall treatment success rate for PTB in Denmark was 84% in 2014. In new culture-positive cases, 86.6% were classified as treatment success, of these 51.7% achieved the outcome "cured". For the cases classified as "treatment completed" (34.9%), a second sputum sample was not obtained during the last month of treatment, α 1186 case were included in the multivariable analysis. Variables for multivariable analysis were partly selected a priori (country of origin, previous TB). Other variables were selected if they showed a univariable association with defaulting (p-value < 0.05). Wald tests were used to select statistically significant variables for unsuccessful treatment outcome, and the goodness of fit of the model was tested with the Hosmer-Lemeshow method. www.nature.com/scientificreports www.nature.com/scientificreports/ as observed in another resent European study 12 . In the End TB Strategy, WHO recommends that the treatment success rate should be at least 90% for drug-susceptible and drug-resistant TB combined by 2025 13 . This requires further improvement in TB surveillance, treatment and control programs in Denmark.
The present voluntary reporting of TB treatment outcome in Denmark resulted in a response rate of only 40% in 2000. In order to improve the response rate, a new procedure was implemented: DIDEP systematically contacted departments with TB patients urging them to report the treatment outcome result. This led to an improved response rate of more than 80% the subsequent years. This indicates that reporting of TB treatment outcome needs to be mandatory in order to achieve completeness of the surveillance system and avoid systematic errors, e.g. not reporting unfavourable outcomes.
Immigrants from TB high burden countries constitute a considerable proportion of TB cases in many European countries [14] [15] [16] [17] [18] [19] . In our study, Greenlanders represented about one third of immigrants, thus we subdivided the population into Danes, Greenlanders and Immigrants. We found great disparities between the three groups in terms of age, predisposing factors and adherence to the treatment regime. The population of Greenlanders in Denmark represents 1% of the population but represented 20.3% of the pulmonary TB cases. An earlier study has identified an ongoing spreading of the outbreak strain C2/1112-15 among Greenlanders living in Denmark, this is also in accordance with 20% of the cases were identified by contact tracing 20 . Cases from Greenland had a higher risk of unfavourable outcome which might be attributed to the vast majority (89%) had abuse of alcohol or illegal drugs or were homeless. Immigrants from other countries did not differ significantly from Danes in terms of outcome. This is in discrepancy with previous studies and could be explained by foreign origin being related to migration and thereby to the treatment outcome: "transfer", which has been included in unfavourable treatment outcome in other studies [14] [15] [16] [17] 21 . Additionally, only 26% of immigrants had the following risk factors: alcohol or illegal drug use or homelessness.
We identified male gender to be independently associated with an unfavourable outcome. The poorer treatment outcome in men can be attributed to some behavioural components such as alcohol and drug abuse, which we found to be significantly more common among men in this study in line with other EU countries [14] [15] [16] [17] [18] [19] [20] [21] [22] . Increasing age and comorbidity in terms of CCI were not associated with unfavourable outcome. This may be explained as the outcome "died" was excluded in the final analysis. It is well known that mortality from TB increases with increasing age, which will contribute to an unfavourable outcome when the outcome "died" is inc luded 15, 16, 19, 21, 23 . However, a history of mental disorder was associated with an unfavourable outcome. It is recognized that mental disorder is associated with poor adherence to medical treatment and earlier studies have also found that mental disorder was associated with non-adherence to TB treatment 24, 25 . Anaemia has been associated with delayed sputum smear conversion among sputum-positive TB patients, advanced disease and mortality [26] [27] [28] [29] . Anaemia was associated with an unfavourable outcome in this study. This suggests that anaemia can be a proxy for poor health status and advanced disease, which is also supported by the fact that the bacilli load was greater in this group.
In our study we have identified additional risk factors associated with an unfavorable outcome. In addition, the vast majority of patients categorized with an unfavorable outcome were lost to follow-up (95.4%). These patients could benefit from increased support, monitoring and potentially directly observed therapy (DOT). An increased focus on optimizing the living conditions among homeless, provide support to overcome alcohol/illegal drug use and focus on involving family or other support persons in TB treatment could help to reduce the risk of being lost to follow up.
The limitations of this study are: the population was identified by notification data, hence patients who are not notified were not included. However, a recent study from Denmark has assessed the underreporting of TB to 7.5% 30 . The non-notified cases were all culture-negative and did not differ significantly in treatment outcome and risk factors from the notified cases 30 . All clinical information was from hospital records, hence no direct patient contact. In 24.2% of cases, information regarding symptom duration was missing, potentially underestimating the effect of symptom duration on treatment outcome. CCI could not be assessed for patients with temporary CRN, because they are not registered in the DNPR, these patients accounted for 3.9% (n = 65) of the entire population.
Denmark has the best prospects of obtaining high treatment success rates with state-of-the-art TB diagnostics and free tax-supported medical care. The overall trend of TB incidence has been decreasing since 2001 and the treatment success rates increased during our study period. The decline in incidence has been observed in all three subgroups, with the highest decline among Danish born men. These results are encouraging in terms of the National TB control program. However, Finland and Sweden have observed a more rapid decline in TB incidence among their native populations 31 . More than 6% of cases in Denmark interrupted TB treatment, this group of patients potentially pose a risk of disease progression at the individual level leading to continuous transmission in the society. The Danish public health legislation does not allow the use of mandatory treatment and hospitalization for infectious patients. Whereas there is a provision for DOT, administered at the patient's home/shelter or at the hospital.
We conclude that the TB treatment success rate has been increasing in Denmark during the study period, reaching the WHO target for new culture confirmed PTB in the last part of the period.
To further reduce unfavourable outcome, risk factors identified by this study should be utilized and preventive approaches should be initiated in order to optimize management of patients, when TB treatment is initiated.
